ABSTRACT. Changes in ascorbate content in primary cultured rat hepatocytes exposed to oxidative stress derived from water soluble radical initiator 2,2'-azobis (2-amidinopropane) dihydrochloride (AAPH) were examined. Cells were exposed to 0.05 and 5 mg/ml of AAPH as 'mild' and 'severe' oxidative stresses, respectively. Lipid peroxidation in hepatocytes was induced by 'severe' oxidative stress, but not by 'mild' oxidative stress. Ascorbate decreased at 6 hr after administration of both 'mild' and 'severe' oxidative stresses, and recovered to the control level after a further 6 hr. In cells treated with 'severe' oxidative stress, however, total ascorbate (reduced form plus oxidized form) had increased 24 hr after administration. These results indicated that consumption alone did not account for the increase of ascorbate in hepatocytes under oxidative stress. KEY WORDS: ascorbic acid, oxidative stress, rat hepatocyte.
Ascorbic acid (AA) has been acknowledged to be an important antioxidant, with radical scavenging activity in the aqueous phase in living organs [11] . In mammals, except for primates, AA is biosynthesized in the liver [2] . The AA bioproduction system is thought to be one of the important antioxidative systems.
Some investigators indicated that changes in AA amounts in primary cultured rat hepatocyes exposed free radical derivatives. For example, Glascott et al. reported a decrease in the reduced form of AA concentration by tert-butyl hydroperoxide (TBHP) exposure [4] . They considered that AA was consumed in cells by oxidative stress derived from TBHP.
The rat liver, however, not only consumes AA, but can maintain the amount of AA itself by bioproduction [2] , or by reduction of dehydroascorbate (DHAA), the oxidized form of AA [10] . It was therefore anticipated that there is a change in cellular AA besides consumption in rat hepatocytes exposed to oxidative stresses.
2,2'-Azobis (2-amidinopropane) dihydrochloride (AAPH) is a water-soluble radical initiator, which induces a peroxyl radical molecule [8] . In the present study, we examined the changes of innercellular AA in primary cultured hepatocytes, and demonstrated an increase in the amount of AA in cells exposed to the oxidative stress derived from AAPH.
Hepatocytes were separated from a 6-week-old male Wistar rat by in situ collagenase perfusion. Initial viabilities of the hepatocytes in the present study were at least 95%, as assesed by the trypan blue exclusion test. The animals received humane care as outlined in the Guide for the Care and Use of Experimental Animals (National Institute of Animal Industry Animal Care Committee) before cell preparation.
At first, we evaluated oxidative stress in hepatocytes derived from AAPH (0-5 mg/ml) exposure at several concentrations. Cells were plated on a collagen-precoated plastic petri dish at a density of 1.2 × 10 6 cells/cm 2 , and precultured for 4 hr with William's E (WE) medium containing 10% fetal bovine serum at 37°C in an atmosphere of 5% CO 2 and 95% air. Hepatocytes were then exposed to AAPH dissolved in serum-free WE medium for 24 hr. Cells were harvested, and cellular protein and thiobarbituric acid reactive substances (TBARS) were determined as described previously [1, 6] . TBARS values were expressed as malondialdehyde equivalents. Figure 1 shows TBARS concentrations of hepatocytes exposed to AAPH at several concentrations (n=3). TBARS levels were raised by increases in AAPH concentration. AAPH exposure at 0.05 mg/ml did not affect TBARS production in cells. TBARS levels in cells treated with 0.5 mg/ml and 5 mg/ml AAPH increased significantly (p<0.05) compared with a control group. In the control group, TBARS level did not change during the experiment. TBARS have been used as an index of lipid peroxidation. An increase of TBARS concentration means that peroxyl radical derived from AAPH induced lipid peroxidation in the cells. This result suggests that we can use AAPH as a generator of oxidative stress in cultured hepatocytes. According to the result shown in Fig. 1 , we chose two AAPH exposure conditions. One was 0.05 mg/ml AAPH, which did not affect TBARS production, and this concentration was expected to induce a 'mild' oxidative stress. The other was 5 mg/ml AAPH exposure, which was expected to induce a 'severe' oxidative stress.
Subsequently, separated and pre-cultured hepatocytes were exposed to 'mild' or 'severe' oxidative stresses derived from AAPH dissolved in serum-free WE medium for 24 hr. Cells were harvested at intervals of 0, 3, 6, 12 and 24 hr. The content of reduced and total (reduced form plus oxidized form) AA were determined at each time as described previously [9, 12] . Figure 2 indicates changes in cellular content of reduced (panel A) and total AA (panel B) in hepatocytes exposed to 0.05 or 5 mg/ml of AAPH, respectively (n=3). As shown in Fig. 2A , AA content was significantly reduced after 6 hr compared with control values by both 'mild' and 'severe' oxidative stresses derived from AAPH. In particular, 'mild' oxidative stress also induced the consumption of AA in hepatocytes. On the other hand, the intracellular content of AA recovered to control levels after 12 hr of exposure to AAPH. As shown in Fig. 2B , total AA was reduced significantly in hepatocytes exposed to 'mild' oxidative stress after 6 hr similar to reduced AA. 'Severe' oxidative stress also caused a decrease in AA, but not significantly. Total AA recovered to the control level after 12 hr exposure in cells exposed to both 'mild' and 'severe' oxidative stresses. In addition, total AA concentration in hepatocytes exposed to 'severe' oxidative stress significantly increased after 24 hr exposure compared with the control level. The number of cell was evaluated by cellular protein determination, and was not changed by 'mild' oxidative stress exposure compared with control group in each measurement period. 'Severe' oxidative stress significantly decreased the number of cells after 24 hr of administration (p<0.05, data not shown). Possible causes of AA decrease by oxidative stresses might be the oxidation of AA by its utilizing reaction, mainly protection against oxidative stress, or leakage by cell injury derived from lipid peroxidation. In the present study, both reduced and total AA decreased after 6 hr of AAPH exposure. We considered that the decrease of reduced AA was caused by protection against oxidative stress derived from AAPH administration. We also demonstrated the decrease of total AA in AAPH treated cells. We made a preliminary investigation of the leakage of γ-glutamyltransferase as an index of cytotoxicity, and found that the leakage of the enzyme was increased only by 'severe' oxidative stress treatment (data not shown). Decrease of total AA concentration could not be explained only by leakage, especially in 'mild' oxidative stress treated cells. The dehydroascorbate reduction system must be investigated in order to make clear the cause of decrease of total AA in hepatocytes under oxidative stresses. Total AA content was increased by 24 hr of exposure to 'severe' oxidative stress. There were two mechanisms working to increase the AA level in hepatocyte, i.e., bioproduction and uptake from the medium. Some investigators reported the effects of AA supplementation on rat hepatocytes, estimating that the effective concentration was approximately 100 µM -1.0 mM [4, 5, 7] . WE medium contained AA at a concentration of 2 mg/l (equivalent to 11 µM), which was expected not to affect cellular AA accumulation. The increase of total AA amount in hepatocytes exposed to 'severe' oxidative stress might be caused by biosynthesis itself rather than by uptake of external AA. Investigation of the AA bioproduction enzyme (e.g., Lgulonolactone oxidase) and changes in extracellular AA are needed to prove the mechanism of AA increase in hepatocytes under oxidative stress.
In the present study, we found that AA consumption alone did not account for the increase in hepatocytes exposed to oxidative stress. It was reported that several antioxidant systems were induced by oxidative stresses [3] . Systems related to maintaining the amount of AA, such as biosynthesis, uptake and DHAA reduction, must be evaluated as an antioxidative system.
